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OBJECTIVES We sought to determine the accuracy of transthoracic echocardiography (TTE) in identifying
risk factors in patients with an atrioventricular septal defect (AVSD).
BACKGROUND Atrioventricular septal defect is a common lesion, and many decisions about it are based on
echocardiography alone. The identification of associated left-sided inflow and outflow
obstructive lesions is important, as they are responsible for mortality and morbidity.
METHODS Between 1983 to 1998, 549 patients with AVSD underwent repair. The TTE findings were
correlated with surgery, angiocardiography, autopsy or postoperative TTE. Papillary muscle
measurements were made in those with either a left ventricular outflow tract (LVOT) or left
ventricular inflow abnormality and compared with those measurements from control subjects.
Measurements of the LVOT were made in patients with an identified LVOT abnormality.
RESULTS There were 63 missed lesions, decreasing over time. Double-orifice left atrioventricular valve
(DOLAVV) and nonobstructive chordae in the LVOT were more often missed. Re-
operation was performed to address a missed lesion in 2 of 68 patients. Two of 55 patients
died of reasons related to a missed lesion. In 67% of patients, DOLAVV was missed.
Abnormal papillary muscle angles were seen with either a LVOT abnormality or DOLAVV.
High insertion of the anterolateral papillary muscle was a risk factor for death or residual
LVOT obstruction. Abnormal LVOT measurements were found in patients with tunnel
obstruction and those with an acquired subaortic ridge.
CONCLUSIONS Transthoracic echocardiography provides accurate preoperative information on AVSD.
(J Am Coll Cardiol 2001;38:253–61) © 2001 by the American College of Cardiology
The echocardiographic features of the atrioventricular septal
defect (AVSD) have been well documented (1,2). Echocar-
diography provides sufficient preoperative data on patients
with a partitioned atrioventricular valve orifice and an intact
ventricular septum (3), as well as on small case series of
complete AVSD (4,5). We sought to determine the accu-
racy of transthoracic echocardiography (TTE) in identifying
potential associated anatomic risk factors that, when missed,
are associated with postoperative complications and mortal-
ity (6–11). We also sought to determine the prevalence and
characteristics of left ventricular outflow tract (LVOT) and
inflow tract abnormalities in AVSD, as determined by
preoperative TTE.
METHODS
Study group and characteristics of LVOT abnormalities.
The data bases of the Divisions of Cardiology and Cardiotho-
racic Surgery were searched to identify patients with a diagno-
sis of AVSD who had complete surgical repair between
January 1983 and July 1998. Patients with associated left atrial
isomerism who were thought to be suitable for a biventricular
repair were included. Associated right atrial isomerism, tetral-
ogy of Fallot and obvious unbalanced AVSD were excluded.
Of note, no volumetric data were available for analysis.
Classification of LVOT abnormalities. TUNNEL NAR-
ROWING: A diffuse tubular narrowing of the LVOT by
thickened tissue along the outflow septum and anterior left
atrioventricular (AV) valve leaflet, often associated with
annular hypoplasia (12) or a marked discrepancy between
the aortic annulus and subaortic area during systole (Fig.
1A).
SUBAORTIC RIDGE: An immobile ridge located at the ven-
tricular septal crest in the LVOT (Fig. 1B).
THICK CHORDAL TISSUE: Thick accessory chordal tissue
arising from the anterior left AV valve leaflet, which was
fixed to the ventricular septum (Fig. 1C) (8,9).
THIN, MOBILE CHORDAL TISSUE: Thin accessory chordae
from the anterior left AV valve leaflet, which may or may
not be fixed to the ventricular septum (Fig. 2A).
ABNORMAL PAPILLARY MUSCLE: An abnormally high inser-
tion of the anterolateral papillary muscle or accessory
papillary muscle tissue in the LVOT (Fig. 2B) (12).
COMBINATION OF ABNORMALITIES: More than one abnor-
mality (Fig. 2C).
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Data collection. Data were collected from the patients’
medical records, including echocardiographic, cardiac cath-
eterization, surgical and autopsy reports. Preoperative ana-
tomic diagnoses were noted from the TTE reports. This
study met the ethics guidelines of the Hospital for Sick
Children.
Missed diagnoses. Anatomic features and associated le-
sions were defined as having been missed if they were not
noted or documented in the preoperative TTE reports, but
were noted on the reports from the other modalities. For all
patients, postoperative echocardiographic reports were re-
viewed to identify missed obstructive lesions at the LV
inflow and outflow level. A missed patent ductus arteriosus
was defined for only those patients with either preoperative
or postoperative evidence of flow through the ductus or
patency at autopsy. A similar approach was taken for the
definition of missed small muscular ventricular septal de-
fects (VSDs). Missed atrial septal defects refer only to those
in the ostium primum. All TTE videotape recordings for
patients with a missed diagnosis were reviewed to determine
whether the missed lesion could have been identified.
Figure 1. (A) Parasternal long axis in a patient with tunnel narrowing of
the LVOT, indicating the sites of measurement. (B) Parasternal long-axis
view of AVSD and fibromuscular subaortic stenosis. (C) Parasternal
long-axis view of AVSD and subaortic obstruction due to fixed chordae
that are attached to the LVOT. AO 5 aorta; LA 5 left atrium; LV 5 left
ventricle; RCC 5 right coronary cusp; RV 5 right ventricle; SM 5
subaortic membrane.
Figure 2. (A) Parasternal long-axis view, in systole, in a patient with thin,
mobile unattached chordae in the LVOT (solid arrow). (B) Subcostal
long-axis view in a patient with high insertion of the anterolateral papillary
muscle. Note that the papillary muscle sits high on the shoulder of the left
ventricle. (C) Parasternal long-axis view in a patient with combined
obstruction. Note the tunnel narrowing, the fixed chordae in the LVOT
and the increased angle between the aorta and the interventricular septum.
ANT LAT PAP MUS 5 anterolateral papillary muscle; AO 5 aorta;
LA 5 left atrium; LV 5 left ventricle; RV 5 right ventricle.
Abbreviations and Acronyms
AV 5 atrioventricular
AVSD 5 atrioventricular septal defect
DOLAVV 5 double orifice left atrioventricular valve
LV 5 left ventricle
LVOT 5 left ventricular outflow tract
TTE 5 transthoracic echocardiogram
RVOT 5 right ventricular outflow tract
VSD 5 ventricular septal defect
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Data analysis. Data are described as frequencies, median
values with ranges and mean values with standard devia-
tions, as appropriate. The number of patients with missed
diagnoses and the number of missed diagnoses per patient
were identified. Likewise, the proportion of each anatomic
diagnosis, as well as associated lesions that were missed, was
noted. Careful review of patients with missed lesions was
performed to determine whether the missed lesions had a
direct relationship with mortality or re-operation. The
Student t test was used to compare patients between groups.
A p value ,0.05 was considered significant.
Papillary muscle measurements. We determined the lo-
cation of both papillary muscles (Fig. 3A) in patients with a
double-orifice left atrioventricular valve (DOLAVV) or
LVOT (13). For comparison, similar measurements were
made in a control group of subjects with no documented
LVOT abnormality and no DOLAVV who were chosen
randomly from the patient group.
Measurements of LVOT. In all patients with LVOT
abnormalities, the subaortic region (the narrowest point
during systole) and aortic annulus diameters were measured,
and their ratio was calculated (Fig. 3B) (14). To determine
preoperative risk factors for the development of a subaortic
ridge during follow-up after repair, we measured the aorto-
septal angle (Fig. 3B) in 15 patients with an acquired ridge,
and we compared the results with those of the remaining 49
control subjects without an acquired ridge at follow-up. The
findings in those patients who met the criteria for the
presence of tunnel-like subaortic narrowing were compared
with those of a different group of age- and AVSD type-
matched control subjects chosen at random from the study
group.
RESULTS
Study group. From January 1983 to July 1998, 549 patients
had surgical repair of their AVSDs. Preoperative echocar-
diography was performed in all, with 149 of 549 patients
also having had cardiac catheterization. Down syndrome
was present in 327 patients (60%). Associated cardiac
lesions are noted in Table 1. A common AV valve orifice
was believed to be present in 388 patients (71%), whereas
161 patients had partitioned orifices, 120 of whom had no
VSD. Previous operations had been performed in 67 pa-
tients (12%). The median age at repair was 8.2 months
(range 14 days to 18.4 years). Re-operation was performed
in 68 patients. Kaplan-Meier estimates of freedom from
first re-operation (deaths are censored) were 96% at 1
month (95% confidence interval [CI] 94% to 98%), 93% at
1 year (CI 91% to 96%), 82% at 5 years (CI 77% to 87%)
and 70% at 10 years (62% to 78%). The most frequent
re-operations (some in combination) included left AV valve
repair in 43 patients (replacement in 13) and subaortic
Figure 3. (A) Diagram outlining the papillary muscle measurements in the
study. A 5 angle of the anterolateral papillary muscle (ALPM); B 5 angle
of the posteromedial papillary muscle (PMPM); C 5 interpapillary muscle
angle. (B) Diagram outlining the measurements of the LVOT. A 5
subaortic measurement; B 5 aortic annulus measurement; C 5 aortoseptal
angle. LA 5 left atrium; LV 5 left ventricle; RV 5 right ventricle.
Table 1. Associated Cardiac Lesions
Systemic venous (Lt. SVC to CS 5 28; Lt.
SVC to LA 5 6; interrupted IVC 5 10;
separate hepatic vein to RA 5 1; IVC to
CS 5 1)
46 8
Left atrial isomersim 10 2
Dextrocardia 3 0.5
Situs inversus 1 0.2
Abnormal pulmonary vein (PAPVR 5 7;
TAPVR 5 1; pulmonary vein stenosis 5 2)
10 2
Additional VSD 27 5
PDA 145 26
Single papillary muscle 26 5
LVOT abnormality 54 10
RVOT obstruction (not part of tetralogy of
Fallot)
24 4
Double-outlet right atrium 21 4
Double-orifice left AVV 21 4
Perforation of left AVV 2 0.4
Coarctation of aorta 34 6
Absent mural leaflet 2 0.4
Vessel anomalies (right aortic arch, aberrant
subclavian artery)
7 1
Cortriatriatum 2 0.4
Data are presented as the number (%) of patients.
AVV 5 atrioventricular valve; CS 5 coronary sinus; IVC 5 inferior vena cava;
LA 5 left atrium; Lt. SVC 5 left superior vena cava; LVOT and RVOT 5 left and
right ventricular outflow tract; PAPVR and TAPVR 5 partial and total anomalous
pulmonary venous return; PDA 5 patent ductus arteriosus; RA 5 right atrium;
VSD 5 ventricular septal defect.
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resection in 15. Death after repair occurred in 55 patients
(10%). Kaplan-Meier estimates of survival after repair were
92% at 1 month (9% CI 89% to 94%), 90% at 1 year (CI
87% to 92%) and 88% from 5 to 10 years (CI 86% to 91%).
Forty-five patients died within one month after the opera-
tion. The numbers of deaths decreased over the study
period, with deaths in 31 (16%) of 192 patients who had
surgical repair during 1983 to 1988, 20 (12%) of 169
patients during 1989 to 1993 and 4 (2%) of 188 patients
during 1994 to 1998 (p , 0.001).
Missed lesions. There were a total of 63 lesions missed by
preoperative TTE in 57 patients (10%). Over time, the
proportion of patients with missed lesions decreased, and
the types of lesions missed changed (Tables 2 and 3). On
review of videotape recordings (J.F.S. and R.S.), 32 (51%) of
63 missed lesions could be identified (Table 3). The
Table 2. Preoperative Transthoracic Echocardiographic Detection of Associated Lesions by Era of Repair
Associated Lesions n 1983–1988 1989–1993 1994–1998
DOLAVV 14 (21) 5 (9) 6 (6) 3 (6)
Chordae, no LVOT obstruction 10 (36) 3 (7) 2 (4) 5 (25)
PDA 8 (145) 7 (41) 1 (45) 0 (59)
Small muscular VSDs (total VSD cases) 7 (425) 3 (157) 0 (128) 4 (143)
Caval anomaly
Lt. SVC to CS 2 (28) 2 (18) 0 (4) 0 (6)
Lt. SVC to LA 3 (6) 0 (1) 3 (5) —
Separate hepatic vein to RA 1 (1) — — 1 (1)
IVC to CS 1 (1) — — 1 (1)
Vessel
Rt. aortic arch 2 (5) 1 (2) 0* (2) 1 (1)
Aberrant Rt. subclavian artery 1 (1) — — 1 (1)
Aberrant Lt. subclavian artery 1 (1) — — 1 (1)
Tiny ASD primum 2 (508) 2 (187) 0 (164) 0 (167)
Perforation of Lt. AVV without chordal support 2 (2) — 1 (1) 1 (1)
Absent mural leaflet 2 (2) — 1 (1) 1 (1)
Coarctation of the aorta 2 (34) 1 (9) 0 (12) 1 (13)
RVOT obstruction or pulmonary stenosis 1 (24) 0 (7) 1 (6) 0 (11)
High insertion of papillary muscle in LVOT 2 (2) 2 (2) — —
High insertion of papillary muscle in RVOT 1 (1) — 1 (1) —
High insertion of moderator band in RVOT 1 (1) — 1 (1) —
Total (lesions/patients) 63/57 26/24 17/15 20/18
Missed diagnoses (total cases in each period) 57/549 5 10.4% 24/192 5 12.5% 15/169 5 8.9% 18/188 5 9.5%
Numbers in parens 5 total number of cases, n 5 number of missed cases.
DOLAVV 5 double-orifice left atrioventricular valve; Lt. 5 left; Rt. 5 right; other abbreviations as in Table 1.
Table 3. Detection of Missed Lesions on Repeat Review of Transthoracic
Echocardiographic Recordings
Missed Lesion at Diagnosis n
Finding After Review of Preoperative
Echocardiogram
DOLAVV 14 11/14 identified
Thin chordal tissue in LVOT 10 All cases identified but no gradient
PDA 8 7/8 no color Doppler imaging available; 1/8 color
Doppler imaging not clear due to PHT
Small VSD and additional VSDs 7 6/7 not seen due to limited color scan; 1/7
identified
Caval anomaly 7 3/6 identified
Vessel anomaly 4 3/4 identified
Tiny primum atrial septal defect 2 2/2 not identified due to no color Doppler imaging
Left atrioventricular valve perforation
without chordal support
2 2/2 not identified on review
Absent mural leaflet 2 2/2 not identified on review
Coarctation of aorta 2 1/2 image unclear due to large PDA; 1/2 due to
poor window
RVOT obstruction 1 1/1 image unclear due to poor window
High insertion of ALPM in LVOT 2 2/2 identified on preoperative echocardiogram but
no gradient
High insertion of papillary muscle in
RVOT
1 1/1 identified in preoperative echocardiogram but
no gradient
ALPM 5 anterolateral papillary muscle; PHT 5 pulmonary hypertension; other abbreviations as in Tables 1 and 2.
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remaining 49% of missed lesions were not seen due to
inadequate visualization or lack of color Doppler imaging.
Control group measurements. The location of the papil-
lary muscles in the 41 randomly selected control subjects
was similar to that in published data (Table 4) (13). Table
5 outlines the LVOT measurements.
Double-orifice left AV valve. There were 21 patients
with DOLAVV, 13 of whom (62%) had partitioned ori-
fices. Of these 21 patients, 7 (33%) had Down syndrome
and 7 had associated left-sided lesions. The distance be-
tween the two papillary muscles of these patients was
significantly less than that in control subjects (p , 0.001)
(Table 4). Tables 2 and 3 outline the rates of diagnoses and
missed diagnoses in patients with DOLAVV. In the 18
patients in whom it could be characterized on review, the
accessory orifice was associated with the posteromedial
valve leaflet in 13 (Fig. 4) and the anterolateral leaflet in 4
(1 single papillary muscle). The ratio of the orifice diameters
ranged from 20% to 83%. Left AV valve regurgitation
before repair was moderate in 2 of 21 patients, mild in 12
and absent in 7. The outcome included early postoperative
death in 5 patients, with 1 late death and 2 subsequent left
AV valve surgeries.
Abnormalities of the LVOT. There were 64 patients with
a LVOT abnormality (Table 6), 55 of whom had a
diagnosis at the time of repair, with the remaining 9 patients
developing a subaortic ridge during follow-up. Of these 64
patients, 30 (47%) had Down syndrome. Only 10 of the 55
patients with a preoperative LVOT abnormality had a
pressure gradient. There were 12 preoperative missed diag-
noses, none with a pressure gradient at repair (Table 2). For
the 59 patients with a LVOT abnormality and two papillary
muscles, the position of the anterolateral papillary muscle
was not significantly different from that of the control
subjects (p 5 0.25) (Table 4). However, the posteromedial
papillary muscle was rotated counterclockwise, as compared
with that of the control subjects (p 5 0.001) (Fig. 3, arc B).
Only patients with LVOT tunnel narrowing or an acquired
subaortic ridge had an abnormal ratio of aortic annulus to
subaortic diameter, as compared with the control subjects
(Table 5).
Tunnel narrowing. The ratio of aortic annulus to subaortic
diameter in the 13 patients with tunnel narrowing (includ-
ing 5 with combined lesions) was significantly different from
that of control subjects (p , 0.001) (Table 5). Associated
cardiac anomalies were noted in six patients, with one death
during the early postoperative period. During follow-up of
two to seven years, four patients developed a subaortic ridge
requiring surgical repair, with two patients having a residual
pressure gradient and one lost to follow-up.
Isolated subaortic ridge. Two patients had an isolated
subaortic ridge before the first operation (Table 6), one of
whom had a preoperative gradient. Despite resection, both
had a residual gradient at follow-up. Another nine patients
with a normal LVOT developed a fibromuscular ridge one
to six years after their initial repair. Surgical resection was
Table 4. Results of Papillary Muscle Measurements
ALPM PMPM Distance
Normal value in AVSD from
Kohl et al. (13)
182 6 7° 287 6 17° 105 6 17°
AVSD from control group
(n 5 41)*
181 6 15° (p 5 0.55) 285 6 17° (p 5 0.35) 103 6 16° (p 5 0.5)
LVOT abnormality (n 5 59) 179 6 19° (p 5 0.25) 277 6 18° (p 5 0.001) 98 6 22° (p 5 0.03)
AVSD with DOLAVV
(n 5 20)
180 6 22° 266 6 21° 86 6 21° (p , 0.001)
*See Figure 3. P values are comparisons with normal values from published report (13). Data are presented as mean values 6
SD.
ALPM 5 anterolateral papillary muscle; AVSD 5 atrioventricular septal defect; PMPM 5 posteromedial papillary muscle;
Distance 5 distance between two papillary muscles; other abbreviations as in Tables 1 and 2.
Table 5. Results of Aortic and Subaortic Measurements
Control
Group
(n 5 13)
Tunnel
Narrowing*
(n 5 13)
Other LVOT
Abnormalities
(n 5 42)
Acquired
Subaortic
Ridge
(n 5 9)
Age in months (range) 6 (0.1–34) 7 (0.5–33)
(p 5 0.65)
6.5 (0.03–156)
(p 5 0.56)
7 (0.03–108)
(p 5 0.45)
Subaortic diameter (mm) 7.9 6 1.3 4.9 6 1.2
(p , 0.0001)
8.2 6 2.3 7.4 6 2.8
Aortic annulus diameter (mm) 8.7 6 1.4 6.9 6 1.6
(p , 0.01)
9.1 6 2.4 8.8 6 2.9
Subaortic to aortic ratio 0.91 6 0.04 0.7 6 0.14
(p , 0.0001)
0.89 6 0.08
(p 5 0.6)
0.85 6 0.07
(p 5 0.04)
*Includes isolated cases plus those in combination. P values are comparisons with results between control and tunnel narrowing
groups. Data are presented as median value (range) for age and mean values 6 SD for the other variables.
LVOT 5 left ventricular outflow tract.
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performed in seven patients, one of whom had a recurrence
requiring re-operation and four of whom had a residual
gradient.
Accessory chordae from the anterolateral left AV valve.
Twelve patients had thick, fixed chordae crossing the
LVOT, all diagnosed before repair. Of these, six had a
preoperative gradient (Table 6). The chordae arose from the
base of the superior bridging leaflet, inserting directly onto
the septum. All underwent resection at the initial repair,
with four having a residual gradient, one of whom required
further surgical repair due to incomplete resection. There
were 24 patients with thin chordae that arose from the base
of the superior bridging leaflet, none of whom had a
preoperative gradient. The chordae attached to the ventric-
ular septum in 9 patients, whereas 15 patients had free-
floating chordae. Of these 15 patients, eight underwent
resection and seven were left unattended. Only one patient
without resection developed a gradient at follow-up. In
those with thin, fixed chordae, two were resected at repair,
with no recurrences. Of the seven unresected patients, two
developed a subaortic ridge at follow-up, four developed a
gradient at 1 to 11 years and one had no late obstruction.
Combination of abnormalities. Six patients had com-
bined LVOT abnormalities (Table 6). One patient had
enlargement of the LVOT, with no residual gradient after
10 years of follow-up. Another patient died in the early
postoperative period after a complex left AV valve repair.
The third patient had associated coarctation of the aorta and
underwent repair of the coarctation, as well as chordal
resection. This patient died suddenly two years after repair,
with no follow-up data. On another review of the preoper-
ative TTE data, there was evidence of high insertion of
anterolateral papillary muscle. The fourth patient had a
subaortic ridge, tunnel narrowing and thin chordae, with a
preoperative gradient of 30 mm Hg. Eight months after
repair, including subaortic resection, there was a residual
gradient of 30 mm Hg. The fifth patient died early and had
tunnel narrowing, a subaortic ridge without a gradient and
DOLAVV. The sixth patient died of acute LVOT obstruc-
tion due to high insertion of the anterolateral papillary
muscle.
Lesions of the LVOT associated with a papillary muscle
abnormality. There were three patients in this category.
The first patient had an accessory band from the anterolat-
eral muscle, which attached to the base of ventricular
septum and was resected at repair. The second patient, who
Figure 4. (A) Short-axis view in a patient with DOLAVV and two
papillary muscles. Note the second orifice is situated in the vicinity of the
posteromedial papillary muscle. (B) Similar specimen after repair, with the
second orifice situated close to the posteromedial papillary muscle. LA 5
left atrium; OR1 5 orifice 1; OR2 5 orifice 2; RV 5 right ventricle.
Table 6. Abnormalities of the Left Ventricular Outflow Tract
n
Down
syndrome
(D/ND)
Type of
AVSD
(Complete/Partial)
Presence of
Preoperative
Gradient Mode of Recognition
Isolated tunnel narrowing 8 0/8 2/6 2 cases (13,24) All by preoperative TTE
Isolated thick chordae 12 6/6 8/4 6 cases (12– 80) All by preoperative TTE
Isolated thin chordae 24 16/8 15/9 None 15 by preoperative TTE, 6 by
postoperative TTE, 3 by surgery
Isolated fibromuscular ridge 2 0/2 0/2 1 case (16) Preoperative TTE
Isolated abnormal papillary muscle 3 1/2 1/2 None 2 by preoperative TTE, 1 by autopsy
Combined
Tunnel and thin chordae 3 1/2 3/0 None 2 by preoperative TTE, 1 by surgery
Tunnel and ridge 1 0/1 0/1 None Preoperative TTE
Tunnel, ridge and thin chordae 1 0/1 1/0 1 case (30) Preoperative TTE
Papillary muscle and thin chordae 1 1/0 1/0 None Autopsy
Acquired subaortic ridge 9 5/4 3/6 None All by postoperative TTE
Numbers in parens are pressure gradients in mm Hg. AVSD 5 atrioventricular septal defect; D 5 Down; ND 5 non Down; TTE 5 transthoracic echocardiography.
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had unobstructive chordae in the LVOT, which attached to
an abortive papillary muscle, underwent successful resection.
The third patient had high insertion of the anterolateral
papillary muscle; this patient had an early postoperative
death due to a complex left AV valve repair, with the LVOT
abnormality detected at autopsy.
Papillary muscle measurements of patients with a LVOT
abnormality. The two patients with high insertion of the
anterolateral papillary muscle had an angle of 151° and 152°,
respectively (Fig. 3, arc A) (control subjects: 181 6 15°)
(Table 4). Using an angle of 150° (Fig. 3, arc A) as a
cut-point, and applying this to the total group with LVOT
abnormalities, we identified four additional patients who
had measurements that fell below that value (140° to 150°).
Two patients had associated left-sided abnormalities, both
with a residual post-repair gradient across their LVOT. The
other two patients died after repair; one early and one late,
with no autopsy.
Aortoseptal angle measurement. Of the 15 patients with
an acquired ridge, 9 had a normal LVOT, 4 had tunnel
narrowing and 2 had unresected thin chordae. The mean
aortoseptal angle of those with an acquired ridge was 129 6
8°, compared with a mean of 137 6 11° in 49 patients
without an acquired ridge (p , 0.02).
Impact of missed lesions. Of 68 patients who had a
re-operation, 9 (13%) had a missed lesion. Of these, only
two re-operations were done specifically to address the
missed lesion. One patient with a missed patent ductus
arteriosus required subsequent ligation, and one missed
aortic coarctation required repair. Of the 55 patients who
died after repair, 14 (25%) had a missed lesion. Of these 14
patients, the cause of death was related to the missed lesion
in only two. One patient had a missed high insertion of the
anterolateral papillary muscle in the LVOT, and the other
had a similar finding in the right ventricular outflow tract.
DISCUSSION
Despite improvement in surgical mortality over time, there
are some patients who appear to be at a higher risk of early
death and late complications after AVSD repair. As noted
in our study, abnormalities of the left AV valve and LVOT
are two major risk factors. Although mortality decreased
throughout the duration of the study, freedom from re-
operation was only 70% at 10 years, with the majority of
re-operations being for left AV valve dysfunction or LVOT
obstruction.
The potential impact of missed lesions on mortality and
morbidity was an important component of this study. The
most frequently missed lesion was DOLAVV, followed by
the presence of nonobstructive chordae in the LVOT.
Although there are several echocardiographic studies
(15,16) that address the features of DOLAVV, they are
retrospective. A prospective study of 95 patients with
AVSD by Tworetzky et al. (17) had findings similar to
those in our study, with a general inability to reliably detect
DOLAVV. Other missed lesions in our study were fre-
quently extracardiac, similar to previous reports (5,16), and
reinforce the need for a complete and thorough evaluation.
Some missed diagnoses, such as small associated muscular
VSDs, are to be expected (17,18), whereas others are more
rare (absent mural leaflet [19] and high insertion of the
anterolateral papillary muscle) and require vigilance to
detect them. Missed lesions infrequently resulted in death or
the need for re-operation, which indicates that TTE is
adequate for assessment.
Double-orifice left AV valve. This lesion has been iden-
tified as a risk factor for repair (6,7) and, in our study, was
associated with a higher mortality. As noted by our papillary
muscle measurements, these patients have papillary muscles
that are closer together (20,21). Although, in some patients,
the second orifice represents a slit in the valve, without
supporting tension apparatus; the majority of second orifices
are supported, which aids in making the diagnosis. Why,
then, did we miss so many patients with DOLAVV? The
two orifices can be of varying sizes, and, in some patients,
the second orifice can be very small, making recognition
more difficult. In addition, in many patients with a single
orifice, the abnormal appearance of the left AV valve may
mask a double orifice, unless the examiner pays close
attention to the short-axis view. Frequently, the valve
appears to fold on itself as it closes and/or has accessory
chordae, both of which can disguise a true double orifice.
Close inspection of the valve in the short axis, in conjunc-
tion with frame-by-frame analysis, is a key aspect of the
examination. On review of the tapes, we applied this
approach, which accounted for the improved diagnostic
rate, as compared with that at the initial evaluation.
Abnormalities of the LVOT. In many patients with
AVSD, the left AV valve is septophilic; however, most of
these cases represent primary chordae that attach to the
ventricular septum. In others, secondary chordae arise from
the base of the superior bridging leaflet and may result in
LVOT obstruction. Some have thick, fixed secondary chor-
dae that are more likely to be associated with outflow
obstruction, whereas, in others, these secondary chordae are
thin and without obstruction. The data from our study are
consistent with those of previous reports (22), where LVOT
abnormalities are more prevalent in patients with a parti-
tioned orifice. We noted in our study that the presence of
fixed, secondary chordae in the LVOT is a risk factor for
late obstruction, even in the absence of a gradient. This
appears to be independent of whether the accessory tissue
appears thin or thick. Isolated tunnel narrowing appears to
be a significant risk factor for death or residual obstruction,
resulting in a varied surgical approach through the utiliza-
tion of a modified KONNO procedure (8), with or without
relocation and patching of the superior bridging leaflet
(9,23). The group of patients with obstruction at multiple
levels had substantial mortality, which raises the question as
to whether these patients would have been better served by
a different surgical approach. Our study suggests that both
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an acute aortoseptal angle and an abnormal aortic to
subaortic ratio are risk factors for late subaortic stenosis. An
abnormal aortoseptal angle has been identified as a risk
factor for subaortic stenosis in patients without AVSD (14),
reinforcing the findings in our study.
High insertion of anterolateral papillary muscle. The
position of the posteromedial papillary muscle is rotated
counterclockwise in patients with AVSD compared with
subjects with a normal heart (13). This rotation is impor-
tant to understand the mural leaflet length and position
of the “cleft” in AVSD, but it does not result in LVOT
obstruction. Absolute measurements of the anterolateral
papillary muscle location in patients with a proven abnor-
mality indicated that the location differed considerably
from that of the control group. When we chose a cut-point
of 150° as abnormal and applied it to the group with
LVOT abnormalities, we identified several other patients
with a similar measurement who appeared to be at a higher
risk of mortality and morbidity. Therefore, it is important
to pay attention to the location of the anterolateral papil-
lary muscle. How these should be managed surgically is
somewhat unclear, as this is a major papillary muscle
group.
Study strengths and limitations. Our study has a large
enough sample size, covers a long time span and attempts to
address the limitations and errors of echocardiography
employed in patients with AVSD. The approach of select-
ing patients with a balanced AVSD, on subjective grounds,
appears to have been appropriate, as death due to missed
ventricular hypoplasia did not appear to be a risk factor in
our study. Because we did not review every patient, it is
possible that some of the aforementioned risk factors could
have been overlooked. Although this is possible, it is
probably unlikely, as all of our patients had surgical confir-
mation of their pathology, with the majority having
follow-up echocardiograms. Because our study only spans
16 years, it is possible that other patients with acquired
subaortic stenosis may present in the future. Our definition
of thin and thick accessory chordae was subjective, so there
may be some overlap between these groups. Could the
outcome have been improved if all of the patients had
undergone angiocardiography as well as echocardiography?
Certainly some of the extracardiac abnormalities would have
had a higher chance of detection, but in general, these had
a minimal impact on management, and the number of errors
in this group decreased with time. Persistent errors through-
out the course of our study, particularly DOLAVV and
nonobstructive chordae, and the abnormal position of the
anterolateral papillary muscle are unlikely to have been
imaged by angiocardiograhy. The patients’ age at the initial
echocardiogram has not varied throughout the years, so
these abnormalities were most likely missed because they are
more subtle, requiring a more detailed evaluation, which
was one of the end points of this study.
Conclusions. Echocardiography provides reliable and ad-
equate data on the preoperative assessment of AVSD.
Abnormalities of the left AV valve and LVOT are the two
major risk factors for morbidity and mortality. Obtaining
absolute measurements of the LVOT and papillary muscle
location should aid in the identification of potential risk
factors for mortality and late morbidity.
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